The properties of Azotobacter vinelandii deoxyribonucleic acid (DNA) and folded chromosomes were studied and compared to those of Escherichia coli as a standard. Based on melting temperature and buoyant density measurements, the guanosine + cytosine content of purifiedA. vinelandii DNA was 65%, whereas that of E. coli DNA was 50%. (9) . Since the metabolic fate of these latter two compounds is reasonably understood, encystment is attractive as a model of cell differentiation with strong possibilities for studying the biochemical events in the induction process. In our studies of encystment in A. vinelandii, we have attempted over a 4-year period to isolate mutants blocked in fl-hydroxybutyrate metabolism or at specific morphological stages of development, or to isolate auxotrophs that could be useful in controlling protein or nucleic acid synthesis. To date, only one purine, one pyrimidine, and one sulfite reductase mutant have been isolated despite concerted efforts with a variety of mutagenic agents and procedures. On the other hand, nitrogenase-less (7, 15, 21, 22) and antibiotic-resistant mutants (15) 
The properties of Azotobacter vinelandii deoxyribonucleic acid (DNA) and folded chromosomes were studied and compared to those of Escherichia coli as a standard. Based on melting temperature and buoyant density measurements, the guanosine + cytosine content of purifiedA. vinelandii DNA was 65%, whereas that of E. coli DNA was 50%. The results of renaturation studies showed that the unique DNA sequence lengths of the two organisms were similar with CotI12 values of 7.3 ± 0.4 mol.s/liter and 7.5 ± 0.3 mol.s/liter, respectively, for A.
vinelandii and E. coli. Folded chromosomes of A. vinelandii sedimented in a centrifugal field at a rate identical to those derived from E. coli, 1,600 to 1,700S. Based on the DNA content per cell and the mass of a single genome, A. vinelandii contains at least 40 chromosomes per cell.
Azotobacter vinelandii is a large, aerobic, gram-negative, nitrogen-fixing bacterium. Under certain conditions the organism encysts, producing metabolically dormant cells which are analogous to endospores of the Bacillaceae in being more resistant than vegetative cells to deleterious physical and chemical agents (24) . The cell-to-cyst transition can be induced in exponential-phase cultures of A. vinelandii by replacing the glucose or other carbohydrate in the growth medium with ,8-hydroxybutyrate or crotonate (9) . Since the metabolic fate of these latter two compounds is reasonably understood, encystment is attractive as a model of cell differentiation with strong possibilities for studying the biochemical events in the induction process. In our studies of encystment in A. vinelandii, we have attempted over a 4-year period to isolate mutants blocked in fl-hydroxybutyrate metabolism or at specific morphological stages of development, or to isolate auxotrophs that could be useful in controlling protein or nucleic acid synthesis. To date, only one purine, one pyrimidine, and one sulfite reductase mutant have been isolated despite concerted efforts with a variety of mutagenic agents and procedures. On the other hand, nitrogenase-less (7, 15, 21, 22) and antibiotic-resistant mutants (15) have been relatively easy to isolate and transfer in a simple transformation system (2, 15, 16 The DNA was then reacted for 4 h with 100 1&g of Pronase (Sigma Chemical Co.) per ml which had been preincubated for 2 h at 37°C. One-tenth volume of lOx SSC was then added to the DNA-enzyme reaction mixture, and it was stored at 0°C for 16 h.
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The enzyme-treated DNA was extracted with 1.5 volumes (30 ml) of freshly distilled, water-saturated phenol for 30 min at 4°C with shaking. The phenol and aqueous phases were separated by centrifugation, and the aqueous phase was extracted with phenol twice more as described above. The DNA was then precipitated from the aqueous phase under ethanol, dissolved in 0.lx SSC, reprecipitated, and finally dissolved in 4.5 ml of SSC buffer.
The final purification of the DNA was achieved by density gradient centrifugation in CsCl. Water was added to the DNA solution to achieve a total weight of 11.10 g. A 14.55-g sample of CsCl was added, resulting in a solution that was 56.71 weight percent CsCl; the density of the solution was 1.71 g/cm3. A 2.5-mi sample of the DNA-CsCl solution was dispensed into each of six polyallomer centrifuge tubes (0.5 by 2 inches [ca. 12.7 by 50.8 mm]), mineral oil was added to fill the tubes, and these were spun at 36,000 rpm for 42 h at 150C to generate a density gradient. DNA was easily recovered from the gradients by punching the bottoms of the tubes and collecting drops of high viscosity. The collected fractions were dialyzed exhaustively against 0.012 M sodium phosphate buffer (pH 7.0), which is equivalent in sodium ion content to 0.1X SSC.
Density of DNA. Guanine + cytosine (G+C) contents of A. vinelandii and E. coli DNAs were calculated from their densities obtained by isopycnic sedimentation in CsCl gradients (20) colected after punching the tube bottoms. For bacteriophage and materials derived from E. coli, 2 ml of cold 5% trichloroacetic acid was added to each fraction.
These were incubated in the cold for 30 min, filtered, rinsed with 2.5 ml of water followed by 2.5 ml of 95% ethanol, dried, and then counted in a Packard 3000 scintiBation spectrometer.
Fractions derived from A. vinelandii were initially treated as foUlows. KOH (2 N; 0.3 ml) was added to each sample of the gradient, and the mixture was incubated at 370C for 16 h to hydrolyze RNA. The DNA was then precipitated by the addition of 2.2 ml of cold 10% trichloroacetic acid, and after cooling on ice for 30 min the samples were filtered, washed, dried, and counted for radioactivity as above. It was noted that sedimentation patterns of folded chromosomes (discerned by the distribution of radioactivity in the gradient) were the same whether RNA had been fit hydrolyzed or the fractions had been precipitated directly and counted without the hydrolysis step. The significant difference observed was that the removal of RNA produced a 25 to 30% reduction in radioactivity of the peak corresponding to the folded chromosome. This is the extent of loss that would be effected if the folded bacterial genome of A. vinelandlii were similar to that of E. coli in containing 30% RNA (29) . In consideration of the above, the direct precipitation of gradient fractions with 2 ml of 5% trichloroacetic acid was employed when studying the sedimentation of the A. vinelandii folded chromosome. The average sedimentation rate (five deter-mosomes of E. coli (0; EC) and A. vinelandii (0; minations) of E. coli folded chromosomeswasAV). The E. coli DNA was labeled with 3H, and the minations) Of E. coli folded chromosomes was A. vinelandii RNA and DNA were labeled with "C. 1,600S upon comparison with that of the T4 Folded chromosomes were prepared, mixed, spun in bacteriophage marker (1,025S). Similar studies a sucrose density gradient, and sampled. Peak radioconducted with A. vinelandii preparations activity representing the folded chromosomes of both yielded an average value of 1,700S for its folded cell types was found in a single fraction. (14, 19, 30) . Early efforts using nuclear staining suggested that during exponential growth these bacteria contained multi-lobate nuclei (5, 18 Both denaturation and renaturation kinetics of DNA were studied spectrophotometrically because of the ease of observation and because of the precision of temperature control achieved in the thermal programmer, which was an integral part of the spectrophotometer. Typical secondorder kinetics were obtained in renaturation reactions for the initial 60 min of the reactions (Fig. 2) (10 to 15% renaturation) . The reaction deviates from second-order kinetics when observed over a prolonged time, but initial rates are adequate for determinations of Cot1/2 values (6, 26) .
Presumptive evidence for the successful preparation of E. coli folded chromosomes included cell lysis without a marked increase in the viscosity of the lysate and the occurrence of DNAcontaining particles sedimenting at 1,600S (25, 28) . When treated with RNase, cell lysates became viscous, and no discrete concentration of DNA sedimenting at 1,600S could be detected. A single procedure was effective in the preparation of folded chromosomes of both E. coli and A. vinelandii (23) . Their identical sedimentation properties (Fig. 3) , as well as their very similar Cot1/2 values and, hence, unique sequence lengths, suggest that the chromosomes of these two organisms are of the same size. Assuming the mass of the E. coli chromosome to be 3.5 x lo-15 g and knowing that exponentially growing A. vinelandii contains 15 x 10-14 g of DNA per cell (19), we conclude that this large bacterium must contain at least 40 genomic equivalents of DNA per cell. This large number of chromosomes may result in difficulties in the segregation of homocaryotic cells following mutation in this organism.
